Supplementary Methods
The optical fibre-soil interface follows the elasto-plastic shear stress-strain constitutive relations:
where  and  are the interfacial shear stress and strain, respectively; 1  is the interfacial shear strain corresponding to the peak ISS, max  ; and G is the shear stiffness of the optical fibre-soil interface. By combining equation (S1) with classical equations of the equilibrium of an infinitesimal fibre element, the axial strain, interfacial shear stress and displacement for each of the three phases can be derived 1 .
(1) Pure elastic stage (Phase I)
In this stage, the axial strain, interfacial shear stress and displacement are:
where P is the pull-out force applied on the fibre head; D, L, A and E are the diameter, length, cross-sectional area and Young's modulus of the optical fibre, respectively; * G is a shear coefficient of the fibre-soil interface defined as
; h is the thickness of the shearing band along the fibre; and  is a coefficient defined by
where 0 (0) u u  is the displacement at the fibre head.
(2) Elasto-plastic (Phase II)
In Phase II, the distributions of axial strain, interfacial shear stress and displacement in the elastic zone (   p L x L ) are similar to those in Phase I:
where p L is the length of the plastic zone; and T F is the tensile force at the transition point between the elastic and plastic zones:
The axial strain and displacement are:
in equation (S11), we get: Supplementary Reference
